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Abstract 10 
Grass lawns are a ubiquitous feature of urban green-space throughout much of the temperate world.  11 
Species poor and intensively managed, lawns are ecologically impoverished, however 12 
environmentally aware lawn owners are reluctant to implement alternatives due to aesthetic concerns. 13 
Developing an alternative lawn format which is both biodiversity friendly and aesthetically pleasing is 14 
an imperative for urban greening.  15 
We suggest that such an alternative can be provided by replacing the grass lawn by a forb-based mix. 16 
To advance this, we tested the floral performance of three groups of clonal perennial forbs (native, 17 
non-native and mixed), each maintained using standard lawn management mowing regimes.  18 
Our findings show that both the frequency of mowing and the height at which mowing is applied 19 
influence floral performance and lawn aesthetics. Species origin was found to influence floral 20 
productivity, floral visibility and floral variety within grass-free lawns, with native species providing 21 
the greatest floral performance. The behaviour and management of grass lawns was not found to be a 22 
suitable analogue for the management of grass-free lawns and grass-free lawns are sufficiently 23 
different from grass lawns to require an entirely original management approach. We suggest that the 24 
grass-free lawn can provide an aesthetically and environmentally relevant replacement for the 25 
ubiquitous and ecologically-poor grass lawn. 26 
Key Words: Lawn Alternative; Floral Performance; Mowing; Environmental Horticulture; Gardening. 27 
 28 
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INTRODUCTION 30 
Originally composed of a mixture wild grasses and mowing tolerant wildflowers native to the 31 
relatively moist and mild maritime climate of NW Europe, the pedigree of the lawn can be 32 
traced back nearly a thousand years (Fort, 2000;Smith and Fellowes, 2013). During this time 33 
continuous social and economic changes combined with greater general access to improving 34 
horticultural technology have seen the ornamental lawn extend its original range, moving 35 
from private country estates and parks and into the urban landscape (Macinnis, 2009). This 36 
journey transformed the lawn. Although a climatically suited mixture of grasses and forbs is 37 
still commonly found throughout lawns in NW Europe (Fogelfors, 1983;Müller, 38 
1990;Godefroid, 2001;Thompson et al., 2004), horticultural and aesthetic refinements have 39 
been applied to it. The aesthetically refined lawn has taken on very particular characteristics 40 
that separate it from its original mixed species composition. The refined or ‘perfect’ lawn is a 41 
low, evenly planed, grass-only format that is required to be a rich green monotone in colour 42 
without mottling or spoil that should be dense and soft of texture (Steinberg, 2007;Slater, 43 
2007). Only very few grass species can meet these requirements and the perfect lawn is 44 
inevitably a species poor monoculture. However this refined composition has produced an 45 
aesthetic that is much admired; so much so that it has been widely adopted beyond its point 46 
of origin and the lawn is now the most common component of urban greenspace worldwide 47 
(Stewart et al., 2009;Ignatieva and Stewart, 2009). 48 
Even though it is widely implemented, the monocultural nature of the perfect lawn is not 49 
without its critics (Robbins, 2007). Changing perceptions of the urban environment and a 50 
new green zeitgeist in gardening now see eco-friendly characteristics, native plants, wildlife 51 
and sustainability being included in decisions made by landscapers and gardeners (Helfand et 52 
al., 2006;Clayton, 2007;Gaston et al., 2007;Kiesling, 2010). This has led to lawns and their 53 
management being seen as ecologically insensitive, with refined lawns being perceived as 54 
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‘green deserts’(Allen et al., 2010), and described as ‘industrial lawns’ due to the high level of 55 
inputs required to maintain the refined aesthetic (Borman et al., 2001).  56 
Intensively maintaining greenspace to be species poor does not fit comfortably within the 57 
trend for greener gardening and alternatives to the refined lawn format are suggested by many 58 
garden authors, gardening organisations and local authorities (Marinelli, 1993;Daniels, 59 
1995;Ryall and Hatherell, 2003;Thomas, 2010;Anon, 2011a;Brown, 2011). Alternatives can 60 
include lawns composed of regionally indigenous grasses (Simmons et al., 2011), species 61 
enriched lawns (Cook, 1993) and single forb species replacements (Smith and Fellowes, 62 
2013), but more commonly the suggestion is for the lawn to be replaced entirely, usually with 63 
a variety of herbs, shrubs and trees, (Hadden, 2012), often with the condition of being native 64 
seen as a positive feature in replacement species choices (McMahan, 2006). 65 
However where the use of lawn alternatives has been investigated (primarily in North 66 
America), alternatives are not found to be widely adopted, and there is little correlation 67 
between a lawn owners choice of alternatives and their environmental motivations 68 
(Henderson, 1998;Feagan, 2001); alternatives tend to be implemented on the basis of 69 
aesthetic improvement (Purchase, 1997). This is in large part due to cultural norms found in 70 
North America where the lawn has particular symbolic value (Feagan and Ripmeester, 71 
1999;Robbins, 2003;Steinberg, 2007), but is also indicative of the social dimensions in urban 72 
ecology (Pickett et al., 2001) and the role of aesthetics in lawn space management (Byrne, 73 
2005;Piekielek, 2003). For a lawn alternative to sit comfortably within the green paradigm 74 
and be socially agreeable it would require both an ecological motivation, be aesthetically 75 
relevant and socially acceptable (Nassauer et al., 2009). 76 
 77 
A new alternative approach to lawns that retains many of the traditional lawn features but 78 
removes both the grass and the monoculture has been trialled at the University of Reading, 79 
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Berkshire, UK. By showing human intention through careful species selection, retaining the 80 
traditional low visual aspect and neatness of a lawn by the application of mowing, and 81 
providing a level of cover equivalent to that found in traditional grass lawns, the grass-free 82 
lawn keeps some of the key characteristics of the ornamental lawn template, although the 83 
requirement for mowing is significantly reduced (Smith and Fellowes, 2014a). Composed of 84 
mowing tolerant clonal perennial forbs, the grass-free lawn has greater plant species diversity 85 
at inception and by the use of a mixture of species that all have the capacity to produce 86 
flowers, grass-free lawns bring floral performance to a space not traditionally managed for 87 
flowers. Although not intended for sport or amenity use the increase in plant diversity and 88 
floral resource found in a grass-free lawn may fit better within the green zeitgeist than the use 89 
of the traditional monoculture, and also be aesthetically pleasing; a feature that has the 90 
potential to positively influence its societal acceptability (Nassauer, 1995). 91 
 92 
With the exception of its initial and subsequent annual or biannual application in wildflower 93 
meadows and prairie (Jefferson, 2007;Wade, 2012), the use of repeated mowing is not 94 
traditionally associated with floral management. The influence that different types of mowing 95 
regimes and plant species selection will have on the floral performance of grass-free lawns 96 
has yet to be reported on. In a preceding paper we identified that mowing can influence the 97 
amount of ground cover and plant species survival in grass-free lawns (Smith and Fellowes, 98 
2014a), this has implications for the application of mowing to grass-free lawns for the 99 
purposes of floral display. For a grass-free lawn to be maintained as a lawn rather than a low 100 
meadow it must be mown more frequently. Mowing will inevitably influence floral visibility 101 
by the repeated removal of flowers, and the height at which the cut is applied and interactions 102 
between the plants used are also likely to influence the outcome. A mowing regime that 103 
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results in the greatest level of plant and floral diversity and visual performance can be 104 
considered to be the optimum management approach.  105 
To determine this approach while we examined the influence of three mowing regimes on 106 
ground coverage and species survival in native, non-native, mixed species and turf lawns, we 107 
concurrently examined the biomass production and floral performance. Biomass was 108 
recorded to compare the productivity of grass-free lawns with unrefined grass lawns under 109 
the different mowing regimes and to identify any biomass related behaviour in the floral 110 
performance of the lawns. 111 
METHOD 112 
Experimental Design 113 
As described in greater detail in our preceding paper (Smith and Fellowes, 2014a), three 114 
groups of clonal perennial forbs were created from species deemed likely to survive and 115 
reproduce in a mown environment; a native species group, a non-native group and a mixed 116 
species group. The native group was composed in equal proportions of ten species commonly 117 
found in managed grasslands and lawns throughout the UK. The non-native group contained 118 
ten species of non-natives also in equal proportion that had been sourced on the basis of 119 
commercial availability (Table 1). The mixed group consisted of all the native and non-native 120 
species in equal proportion. All species selected had the potential to produce clearly visible, 121 
distinct and colourful flowers. For the purposes of comparison grass lawn plots were sourced 122 
from a section of the university’s lawn that was known not to have received any lawn 123 
management treatments beyond regular mowing for a period of over twenty years. 124 
The layout of the experiment consisted of thirty six 60cm2 randomised grass-free plots and 125 
twelve grass lawn plots. Each grass-free plot contained one hundred plants that had been 126 
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either propagated via cuttings or from seed where cuttings were impractical. Visual examples 127 
of all groups cut at 4cm in May 2011 are shown in Fig 1. 128 
 129 
Three mowing treatments were applied to designated plots continuously over two years from 130 
April 2011. The period of mowing the lawns was bound by the start and end of the growing 131 
season in both years. Treatments were either a) a monthly cut where plots were cut down to 132 
4cm on the same date of each month (weather depending) irrespective of plant height 133 
achieved within plots, b) a low cut where lawns were cut back to 2cm having achieved an 134 
average 3cm in height, c) a medium cut where lawns were cut back to 4cm having reached an 135 
average 6cm in height. Treatments were designed to remove no more than approximately ⅓ 136 
of the plant material produced in order to maintain the viability of the plants being cut. The 137 
average height achieved by vegetation within plots was determined by using a falling plate 138 
meter of 5g (Barnhart, 1998;Rayburn, 2003).  139 
 140 
Mowing was applied to a treatment group when 75% of the plots had reached the designated 141 
cut height and was applied using a Bosch Rotak 43Li cordless rotary mower. Total biomass 142 
was collected by the mower and then dried for a minimum of four days at 70˚C. Subsequent 143 
to mowing, plots were hand trimmed back to their original size. In addition to biomass, the 144 
floral characteristics of each plot were also recorded: both flower number and calculated 145 
overall floral visibility. 146 
Flower number. Open and clearly visible flowers of each constituent species were recorded in 147 
each plot prior to mowing. Viola odorata. flowers were recorded in March although the plots 148 
did not require subsequent mowing. Since flowers in a lawn are generally viewed from head 149 
height, only flowers that were clearly and individually distinguishable at this height were 150 
recorded. In practice the smallest flowers of any of the constituent species that could be 151 
8 
 
clearly distinguished in this manner were those of Stellaria graminea, with flowers of 152 
approximately 5mm diameter and all flowers were therefore individually countable.  153 
When counting flower number a floral cluster composed of many small individual flowers 154 
smaller than 5mm was recorded as a single flower rather than as many individual tiny 155 
flowers; larger visibly discrete flowers of 5mm and over were individually counted.  156 
Floral visibility.  Perception of how flower filled a space appears to be is influenced by both 157 
the number and the size of the flowers observed within that space. When compared directly, a 158 
few large flowers are seen to inhabit more visual space and therefore be more visible than the 159 
same number of smaller flowers. Using only the measure of flower number to determine 160 
floral performance does not accurately portray the visual effectiveness of a space where floral 161 
visibility is a desirable feature; a measure of flower size in addition to flower number is 162 
required to compare the visibility of different floral forms. 163 
Flower shape and size varies between species, with larger single flowers (e.g. Ranunculus 164 
repens) and tight grouping of many small flowers (e.g. Trifolium repens) having a greater 165 
visual area than small individual or ungrouped flowers (e.g. S. graminea).  Previous work on 166 
flower size has used the size of the corolla as a measure of flower size (Sargent et al., 2007), 167 
however from head height the small individual flowers of species that are in tight groups or 168 
tightly clustered in inflorescences are difficult to distinguish. This was the case Achillea 169 
millefolium, Bellis perennis, Mentha pulegium, Phuopsis stylosa, Prunella vulgaris and 170 
Trifolium repens. 171 
To provide for a useful method of comparison the flowers of S. graminea were used as a 172 
flower size reference species. The recorded flowers of all species were allocated a value 173 
representative of their size in relation to a single 5mm diameter S. graminea flower with a 174 
floral area of 19.6 mm2. For example, a larger flower with a 10mm diameter has a floral area 175 
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of 78.5 mm2 and is therefore approximately equivalent to four S. graminea flowers. This 176 
method was modified for use in the field to allow the use of a hole template that measured 177 
diameters in whole millimetres. Stellaria equivalent values had been determined for each 178 
species by rounding to the nearest whole number the mean obtained by measuring the 179 
diameter of twenty flower heads taken randomly from the experimental plots. Where flowers 180 
did not occur in sufficient numbers in plots as occurred with A. millefolium, additional 181 
measurements were taken from plants growing in regularly mown turf adjacent to the 182 
experimental grounds. This was used to determine the Stellaria equivalent values shown in 183 
Table 1. The modified method used for determining whole number Stellaria values is given in 184 
further detail in the appendix. 185 
For comparative purposes the number of flowers per species was multiplied by their Stellaria 186 
equivalent value to determine an approximate floral area and act as a measure of floral 187 
visibility. The floral visibility of individual lawns (Visibility) was the total in Stellaria 188 
equivalents (Stellarias) of all the species found within it. To directly compare the visibility of 189 
each group and treatment visibility per cut (VpC) was used as an indicator of how floriferous 190 
each treatment and group appeared when averaged over time. 191 
Data analysis 192 
Comparisons of treatments between and within lawns were made using a general linear 193 
model with repeated measures ANOVA in MINITAB (Minitab., 2012). Where data sets did 194 
not follow a normal distribution prior to ANOVA data was transformed using either 195 
Log(n+1), sin or arcsine square root transformations that met the assumptions of the terms.  196 
Environmental Conditions 197 
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Autumn planting in the UK is common horticultural practice as soil temperature is usually 198 
sufficient to allow for root growth before the onset of winter (HTA, 2014). In line with 199 
common practice the grass-free lawns were planted out in October 2010. However 200 
immediately subsequent to planting unseasonal low temperatures were experienced at the 201 
experimental site, and were followed by an unusually severe winter that was recorded by the 202 
UK Meteorological Office as the worst British winter for 100 years (Anon, 2011b). The 203 
lowest temperature recorded at the experimental grounds was -10.5˚C (RHS hardiness rating 204 
H5).  At the start of the first growing season in April 2011 the proportions of individual 205 
species within all groups was observed to have changed, particularly within the non-native 206 
group (Smith and Fellowes, 2014a). This initial winter period restructuring within groups 207 
influenced subsequent outcomes. The second growing season in 2012 was recorded by the 208 
UK Meteorological Office as the wettest British summer for 100 years (Anon, 2012).  209 
RESULTS  210 
Mowing (Cut) 211 
2012 had a shorter growing season compared to 2011. In 2011 monthly cut lawns required 212 
mowing eight times and although at different times both height sensitive treatments required 213 
mowing nine times each. In 2012 monthly cut lawns were cut seven times and also at 214 
different times both height sensitive treatments were cut eleven times each. By comparison 215 
the University of Reading’s turf lawn next to the experimental site was mown by grounds 216 
staff 29 times in 2011 and 26 times in 2012. 217 
Biomass 218 
The total biomass produced by grass-free lawns in both years was substantially greater than 219 
that produced by grass lawns over the same period in both mixed and native lawns. Non-220 
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native lawns produced a similar amount of biomass to grass lawns over the two year period 221 
(Table 2). 222 
Biomass production was not seen to be constant in grass-free lawns and varied between years 223 
and between the temporal and height sensitive treatments. In 2011 monthly cut grass-free 224 
lawns produced significantly greater amounts of biomass than that produced in height 225 
sensitive treatments, with approximately a third greater produced in monthly cuts in all three 226 
grass-free groups. 227 
In 2012 monthly cuts continued to produce significantly greater amounts of biomass in all 228 
grass-free groups, although the amount was substantially reduced compared to 2011. A 229 
reduction in biomass production in 2012 was also observed in all height sensitive treatments 230 
in all grass-free groups. With the exception of the 4cm cut this reduction was not observed in 231 
grass lawns 232 
In 2012 height sensitive treated grass-free lawns were mown twice more than in 2011 and 233 
biomass was significantly reduced in all treatments. Total biomass within grass-free groups 234 
only was seen to be influenced by the year, group and the cut applied (Table 4). If the 235 
monthly cut lawns are withheld from the analysis since they have a different frequency of 236 
application and only the 2cm and 4cm lawns cut with the same frequency are examined, the 237 
two responsive mowing regimes are not seen to be a significantly different in their influence 238 
on biomass production (F1, 47 = 0.67, P = 0.424). Both the year (F1, 47 = 67.4, P < 0.001) and 239 
the group (F2, 47 = 98.07, P < 0.001) remain as significant influences on these two treatments. 240 
In grass lawns annual biomass remained similar in all treatments over both years, although a 241 
significant reduction was apparent in 4cm cut lawns in 2012. No specific influences on 242 
annual biomass were identified however biomass per cut was influenced by both the year, the 243 
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cut applied, and an interaction between them with height specific cuts producing less biomass 244 
in year two (Table 3). 245 
Flower Number 246 
In 2011 flower number was greatest in lawns that produced the most biomass (Table 2), in all 247 
groups this was monthly cut lawns (Fig 2). Treatments applied in response to increasing 248 
height had been cut once more than monthly cuts and produced significantly fewer flowers. 249 
No relationship between the two responsive cut heights and flower production within grass-250 
free groups was identified. 251 
In 2012 even though monthly cut lawns had been cut once less than in 2011, in all monthly 252 
cut grass-free groups a reduced mean number of flowers was recorded, significantly so in 253 
both the mixed and non-native groups. Compared to 2011, biomass, frequency of mowing 254 
and floral production was reduced in all monthly cut grass-free groups (Table 2). In height 255 
sensitive treatments there was divergent behaviour between the mixed and native groups and 256 
the non-native group. In the mixed and native groups the frequency of mowing had increased 257 
and biomass had reduced, however flower numbers were not significantly different between 258 
years. In the non-native group which had also received a reduced frequency of mowing and 259 
shown a decrease in biomass, flower numbers had significantly increased. 260 
In monthly cut lawns within the mixed and native groups the diversity of floral performance 261 
had substantially reduced between years and flower production was primarily from one 262 
species – T. repens (Fig 2). This reflected the changes to the component structure of monthly 263 
cut lawns, where the less frequent mowing was observed to favour a vigorous and tall 264 
growing Trifolium cultivar at the expense of shorter and less vigorous species. In height 265 
responsive treatments in the same groups although floral diversity had also reduced this had 266 
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not occurred to the same degree, and floral contributions were made by greater numbers of 267 
species, particularly in the 4cm native group. 268 
In non-native lawns the highly floriferous and prostrate species Mazus reptans produced 269 
fewer flowers in taller growing monthly cut lawns and substantially more flowers in the 270 
height responsive cuts, particularly the lowest cut 2cm lawns where its prostrate form was 271 
seen to be advantageous in avoiding the blade of the mower. 272 
Flower number in grass lawns was not seen to be significantly different between treatments in 273 
2011 and ranged between 85% and 95% less than that found in grass-free lawns. In 2012 274 
flower number had increased in monthly and 2cm cut grass lawns. This was seen to be due to 275 
an expansion in cover of taller growing A. millefolium in monthly cut lawns and a notably 276 
prostrate form of B. perennis in the 2cm cut lawns. Flower numbers in grass lawns in 2012 277 
remained broadly in a similar range to 2011. 278 
Flowers per unit biomass were calculated to determine if managing biomass via the different 279 
mowing regimes might prove be a useful tool in managing floral display. In grass-free lawns 280 
over the two year period this figure was found to be highly variable between treatments and 281 
groups, particularly in the first year after planting (Table 4).  282 
 283 
Visibility 284 
Here visibility is the number of flowers recorded multiplied by their Stellaria equivalent 285 
value and is measured in Stellarias. It is used to provide a generalised but useful measure of 286 
the petalled area of lawns. 287 
Increased mean visibility in 2012 made all mixed and native lawns appear more floriferous 288 
compared to 2011; however this increase was only significant in 4cm cut lawns in both 289 
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groups (Fig 3). All treatments in mixed and native groups showed at least double the 290 
visibility found in the same treatments within the non-native group, indicating the visual 291 
usefulness of species with larger flowers. Mean visibility in both the mixed and native groups 292 
was not seen to be influenced by either the year or by the treatment applied (Table 3). 293 
Visibility in all non-native lawns significantly increased between 2011 and 2012. This was 294 
seen to be influenced by the year and an interaction between the year and the cut. This 295 
coincided with an increase in M. reptans cover and flower number, and to a second year 296 
invasion by native species with larger flowers. Visibility in grass lawns also increased in all 297 
treatments although this was only significant in monthly cuts (Table 2). 298 
Visibility per Cut (VpC) was seen to be greatest in mixed and native monthly cut lawns in 299 
both years (Table 2). VpC in 2cm and 4cm cut mixed and native lawns varied slightly but not 300 
significantly between years even though there was an increased frequency of cutting applied 301 
in 2012. The 4cm cut native group showed the highest level of VpC in both 2011 and 2012.  302 
Non-native group VpC was significantly greater in 2012 than in 2011 in all treatments. The 303 
significant differences in VpC between treatments in 2011 remained consistent in 2012 304 
(Table 2), with the year the only significant influence on VpC in the non-native group (Table 305 
3). M. reptans was observed to increase its mean area of coverage and floral productivity 306 
during this period. In grass lawns VpC increased in monthly and 2cm cut lawns in 2012 but 307 
no significant influences were identified (Table 3).  308 
DISCUSSION 309 
From planting out in 2010, the lawns had two years to develop and this time period falls 310 
within the horticultural definition of perennial. This is a relatively short period of continuous 311 
development for a long term horticultural feature; however the aim of the study was to 312 
discover any significant differences in the initial perennial behaviour of the grass-free lawns 313 
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in comparison to grass lawns when managed in the same way, and prior to any forms of 314 
additional aesthetic intervention that might be applied to an ornamental feature. 315 
From the start of the first growing season all the grass-free lawns underwent changes that 316 
were seen to be influenced by the treatments applied, the species grouping and to a lesser 317 
extent the year (Table 4). This was reflected in the changes in biomass produced and the 318 
differences in overall floral performance both in flower number and floral visibility (Table 2). 319 
In the first year after planting, all grass-free groups with a monthly cut produced most 320 
biomass, most flowers and had the greatest amount of petalled area. For a grass-free lawn this 321 
would initially appear to be the ideal management regime if floral visibility were to be the 322 
only aesthetic consideration. However, monthly mowing produced taller more meadow-like 323 
lawns, it saw a reduction over time in the number of species that were seen to flower (Fig 2), 324 
there were also fewer species and greater amounts of bare soil visible within lawns (Smith 325 
and Fellowes, 2014a), and post-mowing the monthly cut lawns were aesthetically poor with 326 
many cut stems clearly visible. 327 
The influence of monthly mowing on lawn component species and their visual performance 328 
was most evident in the second year with lawns visually dominated by one species only in all 329 
groups (Fig 3). This reflected the changes to the component structure of monthly cut lawns, 330 
where the less frequent mowing was observed to favour a vigorous and tall growing Trifolium 331 
cultivar at the expense of shorter and less vigorous species.  332 
Remarkably in both years respectively the two height sensitive mowing regimes applied 333 
required the same number of total cuts for all grass-free groups, and also in both years the 334 
amount of total biomass collected from lawns cut to 2cm was not significantly different from 335 
the total biomass collected from lawns cut to 4cm (Table 2). As a method to maintain plant 336 
survival in lawns (Jacques and Edmond, 1952;Crider, 1955), the responsive mowing regimes 337 
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specifically removed only the top third of the lawn, both the post-cut lawns retained an 338 
equivalent resource of two thirds from which to regrow before being cut again. This 339 
equivalent level of resource from which to regrow may go some way in accounting for the 340 
same annual requirement for mowing that was found in both years; however the biomass 341 
equivalency of the amount removed seems more likely to have been influenced by the 342 
specific height at which the cut is applied and its influence on the patterns of growth in the 343 
component species.  344 
In mixed plant species populations it is difficult to directly determine the effect of a mowing 345 
regime, however mowing is generally recognised to reduce leaf area, reduce competition for 346 
light, influence apical dominance and plant architecture, and post-cut resource allocation in 347 
cut plants (Jameson, 1964). The height at which the cut is applied can influence subsequent 348 
regrowth (Schmid and Harper, 1985) and lower growing plants not as severely affected will 349 
continue their low growth (Graber, 1931), while mowing affected species may regrow with 350 
shorter internodes, greater stem density and other potentially dwarfing responses (De Kroons 351 
and Hutchings, 1995).  352 
This is highly complex behaviour and although not specifically tested for, our observations of 353 
post cut aesthetics indicated that with the least amount of space in which to grow and expand, 354 
the 2cm cut lawns may have produced lawn components with both shorter internodes and a 355 
greater stem density than that observed in 4cm cut lawns. These characteristics were only 356 
clearly observed in the T. repens form that came to be the dominant species in mixed and 357 
native lawns, and the 2cm vertical growth space of the 4cm cut regime was observed to be 358 
being largely taken up by extended T. repens leaf petioles rather than by mixed species 359 
vegetation. The equivalent amounts of biomass produced by both treatments appear to reflect 360 
these variations in growth pattern and lawn density. In light of this complex behaviour and 361 
the number of significant factors and interactions found to influence flowers per unit biomass 362 
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in grass-free lawns (Table 4), it seems unlikely that lawn biomass can be practicably 363 
managed to favour floral performance. 364 
In 2012 despite a shorter growing season than 2011, the lawns required more frequent and 365 
additional mowing. The increase in the frequency and amount of mowing influenced biomass 366 
production in a negative manner with smaller amounts of biomass collected with each cut 367 
(Table 2). It seems likely that in manner similar to that observed in pasture, the more 368 
frequently a grass-free lawn is mown and growth interrupted, the less overall biomass is 369 
produced (Kennedy, 1950;Wagner, 1952 ). That there was sufficient continuous growth to 370 
triggering more cuts during 2012 than in 2011 is an indication that the qualities of the 371 
biomass produced can also be variable within any one year. The summer of 2012 was 372 
exceptionally wet, and the increased requirement for cutting suggests that growth was 373 
particularly lush in response to the unusually high level of moisture availability. 374 
The cut applied to grass-free lawns significantly influenced floral outcomes (Table 4). In 375 
2011 monthly cut lawns produced the greatest amount of flowers in all grass-free groups and 376 
with the exception of the 4cm cut native group, within group responsively cut lawns had 377 
flower numbers that were not significantly different from each other. This suggests that the 378 
different frequency between fixed monthly and responsive application of mowing was 379 
influencing flower number. This also suggests that the timing of mowing and the length of 380 
the time period between cuts can influence flower number. Certainly cutting immediately 381 
prior to a species’ flowering will negatively influence its floral outcomes, and conversely 382 
extended periods of plant growth between cuts potentially allows for greater floral 383 
development to be expressed. That the monthly and responsively cut 2cm and 4cm treatments 384 
differed by only one cut and showed such clear differences in floral productivity is indicative 385 
that just one cut can significantly influence floral outcomes. 386 
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In 2012 the frequency of mowing increased in responsively cut treatments, however a 387 
significant drop in flower numbers was not observed. In mixed and native groups flower 388 
numbers were not significantly different compared to 2011 and in the non-native group 389 
flower numbers had increased. This appears to be due to the changes in the composition and 390 
structure within groups produced by the treatments applied. The treatments influenced flower 391 
number by changing the proportional composition of species within lawns over time (Smith 392 
& Fellowes 2014). The richness of individual species contributing to flower number fell 393 
between years in all grass-free groups, mixed and native lawns becoming dominated by T. 394 
repens and non-native lawns by M. reptans (Fig 2). This two species domination in lawns 395 
largely restricted the period of floral visibility to their individual floral periods, a negative 396 
trait for a perennial feature, however their floral productivity was high and seen to 397 
compensate for the loss of floral performance by other species.  398 
The best floral outcome in both years was observed to be the 4cm cut native lawns where 399 
although floral variety was low in 2012 both mean flower number, flower number per cut and 400 
floral visibility were seen to be greatest within the responsively cut lawns (Table 2). That the 401 
lawns moved toward low floral diversity within two years also suggests that if greater floral 402 
diversity is the aim, that the initial construct of would benefit from taking into consideration 403 
the vigour of the species and forms used and that equal proportions at inception may not be 404 
the most suitable method. 405 
Of the twenty species used as plug plants in equal measure at inception only six species were 406 
seen to make significant floral contributions over both years, only one of these M. reptans 407 
was non-native. This was initially due to poor winter survival rates among non-natives and 408 
subsequently to the competitive influence of T. repens within mixed and native lawns (Smith 409 
and Fellowes, 2014a). However the behaviour of the surviving species has shown that those 410 
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native to the British Isles are likely to be a good choice as main constituents in a UK based 411 
grass-free lawn, since they have proved to be both better suited climatically and to produce 412 
flowers in sufficient number to give a higher level of floral visibility than the non-natives 413 
used (Fig 3). Non-natives are not necessarily excluded from use in a grass-free lawn, since 414 
they contribute to the community structure and amount of ground coverage achieved (Smith 415 
and Fellowes, 2014b). Non-native species survived in both the mixed and non-native lawns; 416 
however from these results it seems that used alone they are unlikely to be a good choice for 417 
maximum floral performance since floral visibility was lower compared to lawns that 418 
contained natives (Fig 3). This does not exclude the value that non-natives may have in a 419 
mixed origin lawn where they may extend the floral season and bring novelty and floral 420 
colour variations. 421 
Within the grass lawns no significant influences were identified on total biomass, floral 422 
production or visibility, with only biomass per cut seen to be affected by the year and the 423 
mowing regime. That grass lawns do not behave in the same manner as grass-free lawns is 424 
indicative that the two formats are very different. Visually the internal structuring of species 425 
and the dynamics of grass based lawns is for the most part not clearly visible due to the visual 426 
similarity of grasses, in grass-free lawns the continuous internal flux of mixed forbs is much 427 
more visually evident and is indeed a feature of the grass-free format.  428 
Conclusions 429 
 Grass-free lawns behave in a significantly different manner to grass lawns and aesthetic 430 
outcomes are very different.  431 
 Mowing based on height averages is impracticable. Unlike grass lawns where a surface of 432 
roughly equal height is achievable, grass-free lawns produce an uneven surface. The use 433 
20 
 
of a drop meter was required to determine an averaged measure of height. This 434 
methodology seems unlikely to be practical in everyday usage.  435 
 Mowing should be applied when individual or groups of plants are observed to be 436 
detrimentally affecting neighbours. 437 
 Highly vigorous and tall varieties of T. repens should be avoided. Although producing 438 
lawns with a high floral visibility, this tends to be single species visibility and post cut 439 
aesthetics are poor due to extensive cut petioles post-mowing.  440 
 British native species known to inhabit short grass were found to be the most suitable but 441 
not only choice. They had greater overall survival rates and better overall visual 442 
performance, with flowers being of sufficient size and produced in sufficient quantity to 443 
be more visually effective than the non-natives used.  444 
 The height of the responsive cut applied did not directly influence flower production, 445 
rather it influenced the structure of the lawn community and subsequently the species 446 
source of flowers. 447 
 Responsive mowing was seen to be the best method of management when a cut height of 448 
4cm was applied as this produced the best floral visibility and lawn species diversity.  449 
 Specifically mowing on a fixed monthly basis was not a useful method as it was seen to 450 
favour vigorous and taller growing species, reduce floral diversity and produce a poor 451 
overall lawn aesthetic, particularly post cut.  452 
 Visual performance may be influenced by manipulating the proportions of species used. 453 
Larger proportions of smaller flowered species are required if they are to contribute 454 
similar amounts of floral visibility to larger flowered species. 455 
Grass-free lawns retain the familiar lawn management technique of mowing and the 456 
traditional low cut aesthetic, they show human intention and ongoing care and additionally 457 
bring diverse foliage and floral performance to an area traditionally managed to be a planed 458 
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monotone green. We used ten native and ten non-native species in our trials, but we see no 459 
reason why species number should remain so restricted, and believe that by reducing the need 460 
for mowing and enhancing the plant species diversity and floral resource of an otherwise 461 
traditionally flower poor area that grass-free lawns show a clear ecological motivation.  462 
The use of plant species relevant to conditions found within the British Isles was suitable to 463 
our location and aims, although all of the species we trialled are not exclusive to the UK and 464 
can be found in lawns around the globe. The plug sized non-native plants we used at 465 
inception did not respond well to the unseasonably early start to the winter of 2011. Better 466 
developed plants are likely to have fared better since the selection was of a group of species 467 
marketed as hardy in horticulture in the UK. It is possible to speculate that by using the 468 
species we trialled and similar format relevant and climatically suitable species that grass-free 469 
lawns and appropriate mowing frequencies might be formulated to suit other regions, 470 
although it seems probable that outcomes will vary dependent on the local environment and 471 
the characteristics of the plants that might be used. Both the application of grass-free lawns 472 
beyond the UK and how pollinators and other lawn dwelling insects interact with them are 473 
areas that would benefit from further research. 474 
Having obtained some insight on the type and characteristics of plant species to use, and 475 
found a potentially useful management methodology, we hope that this novel and 476 
unconventional approach to lawn space will prove to be ecologically useful, aesthetically 477 
pleasing and a socially acceptable lawn alternative. 478 
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Table 1. Species groups and Stellaria values. 487 
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 488 
Table 2 Biomass and floral performance by group and cut for 2011 & 2012. 489 
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Table 3. Results of ANOVA showing within group significant influences on biomass and 492 
floral performance between 2011 & 2012. 493 
 494 
 495 
 496 
Table 4. Results of ANOVA showing significance influences on biomass and floral 497 
performance in grass-free lawns between 2011 & 2012. 498 
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 499 
Fig 1. Examples of the four experimental lawn groups. Images created 26th May 2011. 500 
 501 
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 502 
Fig 2. Mean flower number within groups by species 2011 & 2012. 503 
 504 
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 505 
Fig 3. Mean visibility within groups by species (Stellarias) 2011 & 2012. 506 
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Appendix A 521 
Stellaria Equivalents. 522 
Flower Diameter (mm) Stellaria Equivalent 
5 1 
7 2 
9 3 
10 4 
11 5 
12 6 
13 7 
14 8 
15 9 
16 10 
17 11 
18 13 
19 14 
20 16 
21 17 
22 19 
23 21 
24 23 
25 25 
26 27 
27 29 
28 32 
29 33 
30 35 
31 38 
32 40 
33 43 
34 45 
35 48 
36 51 
37 54 
38 57 
39 60 
40 63 
41 66 
42 69 
43 73 
44 76 
45 80 
46 83 
47 87 
48 91 
49 95 
50 99 
60 144 
70 196 
80 256 
90 324 
100 400 
 523 
29 
 
Rational and methodology for creating whole number values for Stellaria equivalents. 524 
It quickly becomes apparent that when looking at a grouping of different plant species in flower at the 525 
same time that flowers with a larger size are immediately more visible, they take up more visual area. 526 
This feature is commonly used in garden design where larger flowers can be placed further from the 527 
viewer than smaller ones to maintain the illusion of a constant flower size over a distance. This 528 
technique is usually a judgement made by eye and experience.  529 
To ensure ease of use and a level of repeatability in representing the visibility of the flowers it was 530 
necessary to construct a method that was relevant and could be extrapolated from data collected easily 531 
in the field. 532 
From experience Stellaria graminea flowers of approximately 5mm diameter were the smallest 533 
visible flowers from head height and therefore chosen as a reference flower size. 534 
The question then is how many Stellaria flowers (5mm diameter circles) can fit into the visible area of 535 
the flower being measured to make a comparison. This initially presents a series of challenges as there 536 
is great variety in flower size, shape, form and distribution on variously structured flowering 537 
inflorescences. However, since only an approximate value is required, by using a template of circle 538 
diameters it is possible to measure the diameter of a single or clustered group of flowers in the field 539 
by seeing which diameter circle the flower can easily fit through at its widest point. 540 
Not all measured sizes allow for a fit as a whole number. For example a sample flower or grouped 541 
tiny flowers that can fit through a circle at its widest point with a diameter of 8mm is equivalent to 1.6 542 
Stellaria flowers. However, values that are not in units of 5mm are not required since measurements 543 
below 5mm as mentioned previously are not clearly visible, i.e. the 0.6 of a Stellaria is difficult to 544 
distinguish, the measurements needs to be clearly for either 1 or 2 Stellaria flower equivalents. 545 
Whole unit Stellaria equivalents are required and make the basis for any determination of size. 546 
Using 𝐴 = 𝜋𝑟2 the area of 1 Stellaria with a radius of 2.5mm = 19.63495mm2  547 
Worked example: 548 
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1 Stellaria = 19.63495mm2 549 
For 11 Stellarias:   11 x 19.63495 = 215.9845mm2 550 
Using   𝑟2 =
𝐴
𝜋
  (to determine the radius2)  551 
            68.75 = 
215.9845
𝜋
   552 
          √68.75 = 8.291562 (radius) 553 
Radius x 2 = Diameter = 16.58312395mm 554 
This is allocated as follows: 555 
Flower Diameter 
(mm) 
Flower Radius 
(mm) 
Flower Area 
(mm) 
Stellarias Amended 
 
16.58312395 
 
8.291561976 
 
215.984495 
 
11 
 
NA 
 556 
Although this provides for whole Stellaria values having a flower measuring template with such 557 
precise diameters is not practicable. Whole diameters are more useful, so they need to be rounded to 558 
the nearest whole number e.g. 559 
Diameter (mm) Radius (mm) Area (mm) Stellarias Amended 
17 8.291561976 215.984495 11 NA 
 560 
This changes the Diameter to 17mm. Although in this case this is for 11 Stellarias this value is also 561 
shared by 12 Stellarias since they produce a 17.32mm diameter. See below. 562 
To account for this the lowest Stellaria value is used so the amended value for 12 Stellarias becomes 563 
11. The lower value is preferentially used since with increasing flower size the visual difference – the 564 
perceived change in visibility, becomes less distinguishable i.e. the visual difference between a 10mm 565 
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diameter flower and an 20mm diameter flower (an increase of 100%) is perceived to be greater than 566 
that between a 110mm flower and a 120mm flower (an increase of 8.4%). 567 
Example: 568 
Diameter (mm) Radius (mm) Area (mm) Stellarias Amended 
14.14213562 7.071067812 157.079633 8 na 
15.00 7.5 176.714587 9 na 
15.8113883 7.90569415 196.349541 10 na 
16.58312395 8.291561976 215.984495 11 na 
17.32050808 8.660254038 235.619449 12 na 
 569 
AMENDED 
Diameter (mm) 
rounded to nearest 
whole number 
Radius (mm) Area (mm) Stellarias 
AMENDED 
Stellarias rounded 
down to match 
amended diameter 
14 7.071067812 157.079633 8 8 
15 7.5 176.714587 9 9 
16 7.90569415 196.349541 10 10 
17 8.291561976 215.984495 11 11 
17 8.660254038 235.619449 12 11 
 570 
Where the inflorescence being measured is longer than it is wide the length of the inflorescence 571 
should be used to determine the diameter and a visual assessment made of how many inflorescences 572 
might approximately fill the remaining space within the circle the diameter proscribes. The visibility 573 
score can be adjusted by division to account for this. 574 
 575 
 576 
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